Up/down regulation of microRNA panels has been correlated to cardiovascular diseases and cancer. Frequent miRNA profiling at home can hence allow early cancer diagnosis and home-use chronic disease monitoring, thus reducing both mortality rate and healthcare cost. However, lifetime of miRNAs is less than 1 hour without preservation and their concentrations range from pM to mM. Despite rapid progress in the last decade, modern nucleic acid analysis methods still do not allow personalized miRNA profiling---Real-time PCR and DNA micro-array both require elaborate miRNA preservation steps and expensive equipment and nano pore sensors cannot selectively quantify a large panel with a large dynamic range.
INTRODUCTION
Abnormal expression of miRNAs has been related to cancers, heart diseases and diabetes [1] . Screening platform based on miRNA profiling is very important for early diagnosis and therapies of diseases. However, short life time and low expression level of miRNAs in early stage of diseases pose challenges for accurate miRNA profiling. Realtime PCR and miRNA microarray have been used to profile miRNAs on a large scale, but they both have disadvantages. Real-time PCR can quantify low amount of miRNAs, but can only detect one target at one time, making it impossible to profile a large number of target miRNAs. DNA microarray can detect thousands of molecules but is unable to detect low concentration miRNAs, which take tens of hours to diffuse to the oligo, probes. There is some recent progress based on using naopores (ref paper from Missouri) for miRNA profiling but the ion current signatures are not sufficient selective to differentiate different miRNAs .
Several label-free nucleic acid sensing technologies have been intensively studied in the last decade. Electrochemical sensors have good detection sensitivity, but suffer from signal instability [ 2 , 3 ] . Capacitance, conductance and field-effect transistor (FET) electrode sensors have a detection limit higher than nano-molar, which translates into 10 8 to 10 9 copies of miRNA, too high for miRNA detection. Optical sensors have demonstrated excellent sensitivity down to single molecule level; however, the expenses remain high. Surface Plasmon Resonance (SPR) enhanced optical sensors significantly reduced the need for expensive lasers and detectors, thus making the entire platform portable and less costly. SPR is free electron oscillation coupled with electromagnetic (EM) wave that exponentially decays away from the metal surface [4] . Therefore, SPR sensors are only sensitive to molecule docking events near the surface of metallic structures, making it insensitive to bulk debris.
Among all nanostructures, nano-cone with sharp curvature sustains the highest field enhancement factor. We studied theoretically the field enhancement for metallic nanocones [4] and obtained optimal conditions to excite SPR on cones. We have also designed experimentally a novel and low-cost optical fiber sensing platform, which has the potential to profile a panel of miRNA with lower cost than traditional methods. SPR on nano-cones dramatically enhanced fluorescent signal upon hybridization of target miRNAs, thus improving detection limit. Multiplexing is realized by taking advantages of thousands of pixels in each fiber bundle.
THEORY

Dispersion Relationship
We report theoretically field enhancement by solving Maxwell equations near a perfect metallic cone. Applying the continuity of the field and displacement on the interface and omitting higher order less singular plasmonic modes, a transcendental dispersion relationship [4] is obtained for the dominant eigenvalue υ,
, with . Eigen values are related to field enhancement factor and can be computed from the dispersion relationship given the material properties of the metal.
Optimal Cone Angle
As field focusing at small cone angles can increase both the field intensity and also the conductive loss, an optimal angle is expected. Figure 1 shows that there exists an optimal angle for maximum field enhancement at different excitation wavelength. wavelength (nm)
Broad Resonance Bandwidth
Due to continuous change of length scale, nano-cone can sustain SPR at a broad range of spectrum. As shown in Fig 2, the entire solar spectrum is excited at small angles. In contrast, the extinction spectrum for a single nanosphere [6] has a bandwidth that is 1/10 of the broadband SPR spectrum for conical nanotips. Fig. 2 . The intensification exponent for a gold cone with different cone angles and shows the SPR spectrum broadens and exhibits a red shift away from the planar plasmon resonant wavelength.
EXPERIMENTS
Materials
Fused optical fiber bundles (70,000 pixels, FIGH-70-1300N) were purchased from Fujikura. Probe molecules were custom ordered from Integrated DNA Technologies, Inc with fluorescence dye attached (sequence see Table 1 ). Target microRNAs are mature RNAs for oral cancer marker. Microfluidic channels were made from PDMS (SYLGYRD 184 SILICONE ELASTOMER, Dow Corning). Cover slip slides were purchased from Thermo Scientific, Inc. 
Fabrication
Imaging Fiber bundle was sectioned into 2 mm length by a wafer dicing saw machine (?Micro Automation Saw Model 1100). The sectioned fibers were then immersed in buffered HF (buffered oxide etch, 10:1, J.T. Baker) for 80 minutes, then thoroughly rinsed under deionized water and dried with compressed nitrogen [7] . Cone angle can be tuned by changing the ratio of HF in buffer solution. A layer of gold film (5 nm) was evaporated onto gold fiber surface (Oerlikon Evaporator, UNIVEX 450 B). SEM image of cone is shown in Figure 3 . Microfluidic channel was made by PDMS casting method where a dent with the size of an optical fiber was created above channels and the channel is then plasma treated (Corona?) and bonded with a cover slip. 
Optical Setup
A PDMS microfluidic channel was placed on top of an inverted fluorescence microscope (IX71, Olympus) where an optical fiber (2 mm) was inserted into a dent created above the microfluidic channel. The cone array was facing downwards toward the microfluidic channel as shown in the schematics. 
RESULTS AND DISCUSSION
Before hybridizing with target miRNAs, fluorescent molecules on hairpin probes are close to metal surface, thus quenched by gold. After hybridization with target miRNAs, hairpin probes open up and push fluorescence away from metal surface, thus releasing fluorescent signal. Fluorescent intensity change after hybridization can be correlated with the concentration of target miRNAs, which can be used to quantify the number of target miRNAs in sample solution. Figure 6 shows a lower detection limit of 1 nM, which corresponds to 1 million copies of miRNAs. shows that fluorescent intensity increases with time and saturates after half an hour for 70 nM concentration. This 30-min assay time is shorter than the typical assay time at 1 nM and is probably due to the enhanced diffusion rate to the cone relative to a flat surface. 
